Pressure volume curves for Alterwathera philoxeroides (Mart) Griseb. (alligtor weed) growin in 0 to 400 millimolar NaCa were used to determine water potentil (1), osmotic potential (A,), turgor potential (A,) and the bulk elastic modulus (e) of shoots at different tissue water contents. Values of A, decreased with inasing salinity and tissue * was always lower than rhizosphere '. The relationship between 4X, and tissue water content changed because e increased with saity. As a result, salt-stressed plnts had arger ranges ofpositive turgor but smaller ranges of tissue water content over which A', was positive. To our knowledge, this is the first report of such a salinity effect on e in higher plants. These increases in e with salinity provided a mechanism by which
Increases in the salinity ofthe rhizosphere can have a dramatic effect on plant-water balance because plant tissue must be at a lower '3 than the rhizosphere for water uptake to occur (8) . In species that maintain a positive water balance with increasing salinity, tissue solute concentration increases and therefore 4As decreases (8, 16) . As a result, such species can maintain a positive 4,,, despite decreasing P. Regulation of tissue solute concentation, generally termed osmotic adjustment, has been considered an important mechanism by which higher plants can adapt to increasing salinity (8, 16) . In species that have been shown to adjust osmotically, maximum 4, 6 in salinized plants has often been found to be higher than in nonsalinized plants (1, 2, 9, 11) .
While osmotic adjustment to increasing salinity by plants provides the basis for a positive plant-water balance (i.e. lowering the minimum possible f), 4 3Abbreviations: *, water potential; 4', osmotic potential; 4,,, turgor potential; E, volumetric bulk modulus of elasticity; OWC, osmotic water content; P, pressure; V, volume; PPFD, photosynthetic photon flux density.
in the water content of the tissue. Water loss in the range of 5 to 15% of maximum water content can result in dramatic decreases in plant O,p (12, 22) . The ability to maintain turgor (a positive ,p) in the face of developing water deficits is important for leaf expansion, plant growth, and other processes such as stomatal opening and CO2 uptake (12, 22) .
The relationship between ,, and tissue water content is governed by the elasticity of the tissue, typically measured with e (6, 19, 24) . e has been defined as the rate ofchange of4p with respect to changes in tissue water content and is dependent on the physical properties of cells and tissues (17, 19 (4, 6) . Water stress in drying soils can affect e concomitant with a lowering of 4y6 (13, 17) . While to our knowledge, there are no reports of salinity effects on tissue elasticity in higher plants, it is logical that salinity could affect e, having consequences for the ability of the tissue to maintain turgor, and a positive water balance.
In this study, the effects of salinity on water relations and tissue elasticity of Alternanthera philoxeroides (Mart.) Griseb.
(alligator weed), a species that can grow under a range of salinities, was investigated. This native of South America was first recorded growing near Mobile, Alabama, in 1897, and since then has become a common component of many aquatic or semiaquatic habitats in the southeastern United States (10) . Although generally found in freshwater habitats, alligator weed can be inundated with saline waters and apparently survive for long periods of time (10) . Alterations in water potential components and elastic properties of shoots were investigated by comparing relationships between water potential and tissue water content using P-V curves (5, 17, 19, 23) 
MATERIALS AND METHODS
Propagules of Alternanthera philoxeroides (Mart.) Griseb., consisting of two node sections of stem, were collected from Campus Lake, at Louisiana State University, Baton Rouge, and rooted in a modified Hoagland solution for 7 to 10 d at 24°C (7) . Rooted propagules were grown hydroponically in 1O-L plastic trays placed in a growth chamber with a 12-h photoperiod (average PPFD, 400-450 Mmol m-2 s-', measured with a Licor LI-185A quantum sensor) and 28°C and 22C nights. Solutions were maintained at pH 6.0 to 6.5 with 0.5 M KOH, replenished daily with distilled H20, and completely replaced every week.
Propagules were grown until they had a well developed root system and a stem size of 4 to 5 nodes (approximately 5-6 weeks) . In the first experiment, NaCl was added to culture solutions in daily, 50-mM increments for different time periods to simultaneously produce five different salinity treatments (0, 100, 200, 300, and 400 mM) at the end of 8 d. P-V curves (relationships between and tissue water content) were constructed for two to four shoots from each salinity treatment 28 d later.
In the second experiment, 60 propagules were established in a I0-L plastic tray with the same growth conditions except PPFD which was 250 jumol m-2 s-'. NaCl concentration was raised in daily, 50-mM increments, to 400 mm. P-V curves were constructed for at least three shoots collected at the end of the dark period 0, 4, 8, 12, 20 , and 36 days after salinization had begun.
To assess I, balancing pressures (P) were measured with a pressure chamber on shoot apices with 4 to 5 pairs of leaves.
Estimates of components represent average responses since the shoot tissue includes a range of cell types and ages including rapidly dividing cells at the meristems. The intact shoots were wrapped in humidified plastic bags, cut at the end of the dark period in the growth chamber, and rapidly sealed in the pressure chamber. The inner wall of the pressure chamber was lined with wet filter paper to reduce the evaporative demand during the measurements. Water potential components were determined on individual shoots from P-V curves (5, 19) .
Attempts at artificial hydration of cut shoots, a procedure sometimes used with P-V curves (5), yielded variable results, sometimes inconsistent with the salinity treatments. Water content at the end of the dark period was the highest level of hydration experienced by these plants, and thus was used as the reference OWC here (4, 5, 17, 20) . Exuded sap was collected in preweighed plastic vials (containing cotton) placed over the cut surfaces of the shoots. The weight of the sap collected during the determination of the P-V curves was at least 90% of the total weight change in the shoots.
Xylem sap expressed from a number ofplant species (including halophytes) has generally been found to be quite dilute (3, 15, 20, 23 (5, 17, 19) . While extrapolation of the linear equation involves some uncertainty (5, 19) , linearity in these fits was quite good and the coefficients of determination (r2) were 0.9 10 or higher.
To pool data from different shoots, OWC values for each curve was normalized by:
where WC.C is the maximum OWC (the x-axis interept of the regression calculated for the linear data in the 1/P versus V plot, cf. 5) from shoots collected at the end ofthe dark period. WC..,,k is the cumulative volume ofsap expressed at a particular pressure. 4 ,, values from replicate curves were then plotted together (i.e. Fig. 3) .
In tration of NaCl so that there was approximately a 5-fold decline in these values between 0 and 400 mm treatment plants (Fig. 1) . The shifts in were such that the minimum difference between plant and growth solution was approximately 0.2 MPa at each salinity. Therefore, decreases in 4,, maintained a gradient for water uptake and made possible positive 4 ,, in all salinity treatments. These results agree with other reports showing osmotic adjustment to salinity and maintenance ofturgor in higher plants despite low water potentials associated with high rhizosphere salt concentration (1, 2, 9) . Maximum values of 4,, in shoots almost doubled, from 0 to 300 mm NaCl (Fig. 1) . 4 ,, in 400-mM plants, however, was similar to that of 300-mM plants. 4 ,, 4p and from P-V Curves Determined at Different Salinitie. Patterns of 4,, versus confirmed that osmotic adjustment (16) occurred with salt stress. For a given value of I, 4,s declined with salinity treatment (Fig. 2) . The difference between the diagonal line (' = 4,) and the plotted values in Figure  2 gives 4,, for each '. Salinity changed the relationship between 4, and OWC; as salinity increased, the point of zero turgor (OWC where 4, first becomes 0) was reached at progressively smaller water deficits and maximum increased (Fig. 3) . The 0 mm plants lost up to 25% oftheir maximum OWC before turgor was lost, while the 400 mM plants reached zero turgor after only 5% of their maximum OWC was lost.
Changes in the relationship between 4,, and OWC (Fig. 3) were Figure 4 , the difference between zero ,p and maximum 4'p increased approximately 100% from 0 to 400 mm NaCl but the OWC drops for these ranges of ,p declined from 25% at 0 mm to 5% at 400 mM (Fig. 3) . The rate at which water moves from the rhizosphere to the shoot is a function of the gradient and the resistance of tissues to water movement (16) . Assuming resistance to water movement in the plant does not change dramatically with salinity, the salt-stressed plants could be more efficient at replacing water lost through transpiration than unstressed plants.
Two mechanisms which could explain salinity-induced differences in tissue t are changes in cell wall structure and changes in average cell volume. Anatomical studies of some plant species have demonstrated increases in cell wall thickness and lignification due to salinity (14, 18) . Also, a positive correlation between cell size and salt concentration has previously been demonstrated (18) and e can be dependent on cell volume (21, 24) . Further studies on t, cell packing, cell wall composition, and cell ultrastructure appear necessy for understanding the structure/function relationships between e and salinity. The effect of salinity on t, as measured by k (Fig. 6A) , continued after maximum t, 4,, and 4,p had stabilized (Fig. 4) 
